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(54) Fluid-filled vibration damping device having pneumatically oscillated members partially 
defining primary and auxiliary fluid chambers 

(57) A fluid-filled vibration damping device (10; 90) 
wherein two mutually spaced-apart mounting member 
(12, 14; 92. 94) are elastically connected by an elastic 
body (16; 96), which cooperates with a first movable 
member (30; 122) to define a primary fluid chamber (60; 
1 1 8) communicating through an orifice (58; 1 72) with an 
auxiliary fluid chamber (77; 154) partially defined by a 
second movable member (50; 150), and the first and 
second movable members partially define respective 
mutually independent first and second working air 
chambers (62, 68; 128, 156) on their sides remote from 
the primary and auxiliary fluid chambers, and are oscil- 
lated by periodic change of air pressures in the working 
air chambers. 
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Descripti n 

The present application is based on Japanese Pat- 
ent Application No. 8-345270 filed on December 25, 
1996, the content of which is incorporated hereito by 
reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a fluid-filled damp- 
ing device which has a fluid chamber or chambers filled 
with a non-compressible fluid and which is capable of 
exhibiting a high damping effect with respect to input 
vibrations, by positively utilizing flows of the fluid and 
changing the pressure of the fluid within the fluid cham- 
ber or chambers. 

Discussion of the Related Art 

As one type of a vibration damper adapted to damp 
input vibrations based on flows of the non-compressible 
fluid, there is known a fluid-filled vibration damping 
device as disclosed in JP-U-61 -191543 (laid-open pub- 
lication of Japanese Utility Model Application). Such a 
fluid-filled vibration damping device includes a first and 
a second mounting member which are spaced apart 
from each other; an elastic body elastically connecting 
the first and second mounting members and partially 
defining a primary fluid chamber filled with a non-com- 
pressible fluid the pressure of which changes upon 
application of a vibrational load between the first and 
second mounting members; a movable member which 
partially defines an auxiliary fluid chamber filled with the 
non-compressible fluid and which is oscillated to cause 
a periodic change of a pressure of the fluid in the auxil- 
iary fluid chanrtber; and means for defining an orifice for 
fluid communication between the primary and auxiliary 
fluid chambers. 

In this type of vibration damping device, the pres- 
sure change induced in the auxiliary fluid chamber by 
the oscillation of the movable member is controlled in 
view of the pressure change which is induced in the pri- 
mary fluid chamber as a result of elastic deformation of 
the elastic body upon application of the vibrational load 
to the vibration damping device. With the pressure 
change in the auxiliary fluid chamber being controlled, 
the flows of the fluid through the orifice can be control- 
led, so that the vibration damping device exhibits a high 
vibration damping effect, based on the resonance of the 
fluid flowing through the orifice, or based on the fluid 
pressure change which is induced in the auxiliary fluid 
chamber and which is transmitted to the primary fluid 
chamber through the orifice. 

The known fluid-filled vibration damping device 
described above must incorporate electromagnetic 
drive mans for oscillating the movable member, as 



described in the above-identified publication. The elec- 
tromagnetic drive means includes a relatively large 
number of comparatively expensive components such 
as a permanent magnet, a coil and a yoke member. 

5 Accordingly, the known vibration damping device tends 
to suffer from difficulty of manufacture at a low cost, and 
inevitably has other problems such as an increase in 
size and weight. 

For assuring a sufficient degree of stability of the 

w electromagnetic force generated by the electromagnetic 
drive means, the coil, permanent magnet and other 
components must be built in the damping device with 
high positional and dimensional accuracy, requiring a 
high level of skill for the manufacture, and reducing the 

is efficiency of manufacture of the damping device in a 
targe scale. 

Further, the known fluid-filled vibration damping 
device suffers from other problems such as a tempera- 
ture rise due to heat generated by energization of the 

20 coil, and a relatively large amount of electric power con- 
sumption, where the oscillation of the movable member 
is required to be effected continuously for a long time or 
with a large drive force, depending upon the specific 
operating condition or required operating characteristics 

25 of the damping device. 

The fluid-filled vibration damping device as dis- 
closed in the above-identified publication does not 
exhibit a sufficient damping effect with respect to the 
input vibrations whose frequencies are outside a range 

30 to which the orifice between the primary and auxiliary 
fluid chambers is tuned. In particular, there has been a 
need for improving the damping effect with respect to 
the vibration frequencies higher than the frequency 
range to which the orifice is tuned. 

35 

SUMMARY OF THE INVENTION 

It is therefore a first object of this invention to pro- 
vide a relatively small-sized, light-weight fluid-filled 

40 vibration damping device which is simple in construction 
with a relatively small number of components, and 
which incorporates a novel mechanism for oscillating 
the movable member so as to effectively control the fluid 
pressure within the auxiliary fluid chamber. 

45 It is a second object of this invention to provide a 
fluid-filled vibration damping device capable of control- 
ling the fluid pressure in the auxiliary fluid chamber con- 
tinuously for a long time by oscillation of the movable 
member, with improved stability, without the convention- 

so ally experienced problems such as heat generation and 
requirement for large electric power consumption by the 
oscillating mechanism for the movable member. 

It is a third object of this invention to provide a fluid- 
filled vibration damping device which is simple in con- 

55 struction and which is capable of exhibiting a high 
damping effect over a sufficiently wide range of fre- 
quency of the input vibrations. 

The above objects may be achieved according to 
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the principle of the present invention, which provides a 
fluid-filled vibration damping device comprising: (a) a 
first and a second mounting member which are spaced 
apart from each other; (b) an elastic body eiastically 
connecting the first and second mounting members and 5 
partially defining a primary fluid chamber filled with a 
non-compressible fluid, the elastic body being eiasti- 
cally deformed so as to cause a change in a pressure of 
the fluid in the primary fluid chamber, upon application 
of a vibrational load between the first and second 1Q 
mounting members; (c) a first movable member partially 
defining the primary fluid chamber and movable relative 
to the first and second mounting members, the first 
movable member partially defining a first working air 
chamber on one of opposite sides thereof which is 75 
remote from the primary fluid chamber, the first movable 
member being oscillated by a periodic change of an air 
pressure in the first working air chamber; (d) a second 
movable member partially defining, on one of opposite 
sides thereof, an auxiliary fluid chamber filled with the 20 
non-compressible fluid, and on the other of the opposite 
sides, a second working air chamber independent of the 
first working air chamber, the second movable member 
being oscillated by a periodic change of an air pressure 
in the second working air chamber; and (e) means for 2 s 
defining an orifice for fluid communication between the 
primary and auxiliary fluid chambers. 

In the fluid-filled vibration damping device of the 
present invention constructed as described above, the 
second movable member is oscillated by a periodic 30 
change of the air pressure in the second working air 
chamber, whereby the pressure of the fluid in the auxil- 
iary fluid chamber is periodically changed. In other 
words, the periodic change of the air pressure in the 
second working air chamber is transferred to the auxil- 35 
iary fluid chamber through the oscillation of the second 
movable member, so that the fluid pressure in the auxil- 
iary fluid chamber can be controlled by controlling the 
air pressure in the second working air chamber, so as to 
permit the vibration damping device to exhibit a high 40 
vibration damping effect on the basis of the flows of the 
fluid through the orifice and the fluid pressure control in 
the primary fluid chamber which is effected through the 
orifice. 

Further, the first movable member is oscillated by a 45 
periodic change of the air pressure in the first working 
air chamber, whereby the pressure of the fluid in the pri- 
mary fluid chamber is periodically changed. Thus, the 
fluid pressure in the primary fluid chamber can be 
directly controlled by controlling the air pressure in the so 
first working air chamber. Accordingly, the thus control- 
led fluid pressure in the primary fluid chamber gives the 
vibration damping device the desired vibration damping 
characteristics, in cooperation with or independently of 
the orifice. For instance, the air pressure in the first ss 
working air chamber is controlled for oscillating the first 
movable member so as to absorb or reduce a rise of the 
fluid pressure in the primary fluid chamber for thereby 



lowering the dynamic spring constant of the damping 
device upon application of input vibrations having rela- 
tively high frequencies that cannot be effectively 
damped by the fluid flows through the orifice, that is, 
upon application of input vibrations whose frequencies 
are higher than a frequency range to which the orifice is 
tuned. Alternatively, the air pressure in the first working 
air chamber is controlled for oscillating the first movable 
member so as to maintain the fluid pressure in the pri- 
mary fluid chamber at a relatively high level for thereby 
enabling the damping device to exhibit a high damping 
effect with respect to input vibrations having relatively 
low frequencies. Still alternatively, the air pressure in the 
first working air chamber is controlled for oscillating the 
first movable member to regulate the fluid pressure in 
the primary fluid chamber so that the damping device 
exhibits an improved damping effect based on the fluid 
flows through the orifice, with respect to the low-fre- 
quency vibrations to which the orifice is tuned. 

Further, the present fluid-filled vibration damping 
device does not incorporates or require any actuator 
such as electromagnetic drive means for oscillating the 
movable member, but is capable of controlling the fluid 
pressures within the auxiliary and primary fluid cham- 
bers. Accordingly, the present damping device is simple 
and compact in construction with a reduced number of 
components and a reduced weight, and is therefore 
comparatively easy and economical to manufacture. 

It is also noted that the present fluid -filled vibration 
damping device permits the fluid pressures within the 
auxiliary and primary fluid chambers to be suitably 
changed by utilizing an external air pressure source. 
The use of the air pressure from the external pressure 
source permits a continuous operation of the damping 
device so as to exhibit a desired vibration damping 
effect with high stability, without conventionally experi- 
enced drawbacks such as a temperature rise of the 
damping device due to heat generated by the electro- 
magnetic drive means and a relatively large amount of 
consumption of electric power. Where the present 
damping device is used for a motor vehicle having an 
internal combustion engine, the reduced pressure for 
the damping device is readily available from the engine, 
and a vacuum pressure source exclusively used for the 
damping device is not necessary for controlling the fluid 
pressures in the auxiliary and primary fluid chambers to 
assure high vibration damping stability. 

According to one preferred form of the present 
invention, each of at least one of the first and second 
movable members includes a rubber member which 
produces an elastic force for restoring each movable 
member to an original position thereof during oscillation 
thereof. In this case, the rubber member may be pro- 
vided with a relatively rigid member fixed thereto for 
restricting or controlling the amount and direction of 
deformation or displacement of the rubber member. 

In the above preferred form of the damping device, 
the air pressure change in the first or second working air 
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chamber can be effectively transmitted to the corre- 
sponding primary or auxiliary fluid chamber through the 
elastic deformation or displacement of the rubber mem- 
ber. The use of the rubber member for the first or sec- 
ond movable member is effective to improve the $ 
response of the fluid pressure in the primary or auxiliary 
fluid chamber and the response of the damping device. 

In addition, the movable member can be restored 
by the elasticity of the rubber member to its original 
position with high stability, facilitating the control of the 10 
fluid pressure in the primary or auxiliary fluid chamber. 
For instance, the rubber member is held in its original 
position and shape while the working air chamber is 
exposed to the atmospheric pressure, and is moved to 
another position upon exposure to a reduced pressure. 15 
In this case, the movable member can be suitably 
returned to its original position by the elastic force pro- 
duced by the rubber member when the pressure in the 
working air chamber is changed from the reduced pres- 
sure to the atmospheric pressure. The use of the rubber 20 
member for the movable member permits the oscillation 
of the movable member by periodically changing the air 
pressure in the working air chamber between two differ- 
ent negative values or between two different positive 
values, or alternatively between the atmospheric pres- 2s 
sure and a predetermined negative or positive pressure. 

According to another preferred form of this inven- 
tion, the fluid-filled vibration damping device further 
comprises biasing means for biasing each of at least 
one of the first and second movable members in a pre- 30 
determined direction. 

In the above form of the invention, the movable 
member in question may be oscillated by alternate 
application of: two different values of negative pressure; 
two different values of positive pressure; negative and 35 
atmospheric pressures; or positive and atmospheric 
pressures. In either of these cases, the biasing means 
may be provided to bias the movable member in a 
selected biasing direction, so that the movable member 
which has been displaced from a first position to a sec- 40 
ond position in the direction opposite to the biasing 
direction by application of an air pressure is returned to 
the first position with the aid of the biasing force of the 
biasing means. Thus, the biasing means assures stable 
oscillation of the movable member, and accurate and as 
stable control of the fluid in the primary or auxiliary fluid 
chamber. 

Where the movable member includes a rubber 
member which produces an elastic force acting on the 
movable member so as to be restored to its original so 
position, the biasing means reduces the fatigue of the 
rubber member, permitting the rubber member to main- 
tain its original characteristic of displacement or defor- 
mation for a long time, and making it possible to 
maintain the desired characteristic of control of the fluid ss 
pressure in the primary or auxiliary fluid chamber for a 
long time, leading to improved stability of vibration 
damping performance of the damping device. 



In a further preferred form of the present invention, 
the fluid-filled vibration damping device further com- 
prises: at least one flexible diaphragm each of which 
partially defines an equilibrium fluid chamber filled with 
the non-compressible fluid, such that each flexible dia- 
phragm permits a change in a volume of the equilibrium 
fluid chamber; and means for defining a communication 
passage for fluid communication between the primary 
fluid chamber and the equilibrium fluid chamber. Two or 
more communication passages may be provided for 
fluid communication between the primary fluid chamber 
and the equilibrium fluid chamber partially defined by 
each flexible diaphragm. The primary fluid chamber 
may communicate with two or more mutually independ- 
ent equilibrium fluid chambers through respective com- 
munication passages. 

In the above form of the invention, a pressure 
change of the fluid in the primary fluid chamber upon 
application of the vibrational load to the damping device 
causes a difference between the fluid pressure in the 
primary and equilibrium fluid chambers. Based on the 
resonance of the fluid which is forced to flow through the 
communication passage or passages due to the pres- 
sure difference, the input vibration is effectively 
damped. 

The communication passage or passages for fluid 
communication between the primary and equilibrium 
fluid chambers can be tuned to a frequency band of the 
vibration which is different from that of the orifice for fluid 
communication between the primary and auxiliary fluid 
chambers. Accordingly, the present damping device 
exhibits an intended damping effect with respect to a 
wider range of frequency of the input vibrations. 

In one advantageous arrangement of the above 
preferred form of the invention, the communication pas- 
sage for fluid communication between the primary and 
equilibrium fluid chambers and the orifice for fluid com- 
munication between the primary and auxiliary fluid 
chambers are tuned such that a frequency of the vibra- 
tional load which is effectively damped by flows of the 
fluid through the communication passage is lower than 
that of the vibrational load which is effectively damped 
by flows of the fluid through the orifice. This arrange- 
ment permits easy and effective damping of the input 
vibrations in different frequency bands, based on the 
flows of the fluid through the communication passage 
and the flows of the fluid through the orifice, respec- 
tively, without having to use exclusive fluid flow control 
means for limiting the fluid flows through the communi- 
cation passage, for example. 

According to a still further preferred form of the 
invention, the first mounting member consists of an 
inner sleeve, while the second mounting member con- 
sists of an outer sleeve disposed radially outwardly of 
the inner sleeve, and the elastic body is interposed 
between the inner and outer sleeves and has a pocket 
which is open in an outer circumferential surface thereof 
and closed by the outer sleeve so as to form the primary 
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fluid chamber. In this case, the first movable member is 
disposed within the pocket and cooperates with the 
outer sleeve to define the first working air chamber. 

The fluid-filled vibration damping device according 
to the above form of the invention, which may be s 
referred to as a cylindrical damper, can be suitably used 
as an engine mount, a differential mount or a suspen- 
sion bushing, for front-engine front-drive motor vehicle, 
for example. In the instant cylindrical damper, the space 
between the inner and outer sleeves can be efficiently 10 
utilized for forming the primary and auxiliary fluid cham- 
bers, resulting in compact overall construction of the 
damping device. 

In one advantageous arrangement of the above 
form of the invention, the fluid-fiiled vibration damping is 
device further comprises an intermediate sleeve which 
is fitted on an outer circumferential surface of the elastic 
body and which has a window formed therethrough, and 
the pocket formed in the elastic body is open in an outer 
circumferential surface of the intermediate sleeve 20 
through the window. In this case, the outer sleeve is fit- 
ted on the outer circumferential surface of the interme- 
diate sleeve so as to close the window, and cooperates 
with the pocket to define the primary fluid chamber. The 
intermediate sleeve has a recessed portion open in the 25 
outer circumferential surface thereof. The second mov- 
able member cooperates the the outer sleeve to define 
the second working air chamber on one of its opposite 
sides, and cooperates with the recessed portion to 
define the auxiliary fluid chamber on the other side. so 

In the damping device according to the above 
arrangement, the space between the inner and outer 
sleeves can be effectively utilized to provide the auxil- 
iary fluid chamber and the second working air chamber 
as well as the primary fluid chamber and the first work- 35 
ing air chamber. Thus, the damping device is made sim- 
ple and compact in construction with a relative small 
number of components. 

According to a yet further preferred form of this 
invention, the fluid-filled vibration damping device fur- 40 
ther comprises a pressure control device connected to 
the first and second working air chambers, for changing 
the air pressures in the first and second working air 
chambers independently of each other and in synchro- 
nization with a frequency of the vibrational load to be 4S 
damped by the vibration damping device. 

In the fluid-filled vibration damping device accord- 
ing to the above preferred form of the invention, the fluid 
pressures in the primary and auxiliary fluid chambers 
are controlled independently of each other such that so 
there exists a suitable phase difference between the 
fluid pressure change within the primary fluid chamber 
and the fluid pressure change within the auxiliary fluid 
chamber. In other words, by suitably adjusting the 
phase difference between the fluid pressure changes in es 
the primary and auxiliary fluid chambers, the damping 
device exhibits the desired vibration damping character- 
istics based on the resonance of the fluid flows through 
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th orifice and the fluid pressure control within the pri- 
mary fluid chamber. 

To change the air pressure in the first and second 
working air chambers in synchronization with the fre- 
quency of the input vibration, the pressure control 
device may preferably include an air pressure source 
such as a vacuum pressure source, and two switch 
valves for connecting the respective first and second 
working air chambers selectively to the air pressure 
source and an atmosphere. For facilitating the control of 
the switch valves at a relatively high frequency, the 
switch valves are desirably solenoid-operated switch 
valves, which may be controlled in a known adaptive 
control fashion or according to stored data maps, on the 
basis of an output signal of a vibration sensor such as 
an acceleration sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features, advan- 
tages and technical and industrial significance of this 
invention will be better understood by reading the follow- 
ing detailed description of presently preferred embodi- 
ments or modes of the invention, when considered in 
connection with the accompanying drawings, in which: 

Fig. 1 is an elevational view in axial or vertical cross 
section of a fluid-filled vibration damping device in 
the form of an engine mount constructed according 
to a first embodiment of this invention; . 
Fig. 2 is a transverse cross sectional view of an 
engine mount of cylindrical bushing type con- 
structed according to a second embodiment of the 
invention; 

Fig. 3 is a cross sectional view taken along line 3-3 
of Fig. 2; and 

Fig. 4 is a cross sectional view taken along line 4-4 
of Fig. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to Fig. 1 . there is shown a fluid-filled 
vibration damping device in the form of an engine mount 
10 constructed according to one embodiment of this 
invention. This engine mount 10 includes a first mount- 
ing member 12 and a second mounting member 14 
which are both made of metallic materials and which 
are disposed in mutually opposed and spaced-apart 
relationship with each other. These first and second 
mounting members 12, 14 are elastically connected to 
each other by an elastic body 16 made of a rubber 
material, and are attached to one and the other of the 
power unit and the body of the motor vehicle, so that the 
power unit which includes an engine is mounted on the 
vehicle body in a vibration damping fashion. With this 
engine mount 10 installed on the vehicle as described 
above, the elastic body 16 is held elastically com- 
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pressed with th weight of the power unit acting on the 
engine mount 10. The engine mount 10 is installed so 
as to damp input vibrations which are applied in the 
direction in which the two mounting members 12, 14 are 
opposed to each other, namely, in the vertical direction 
as seen in Fig. 1 and in a direction almost parallel to the 
vertical direction. 

The first mounting member 12 includes an upper 
metat member 18 and a lower metal member 20, which 
are both cup-shaped members having respective out- 
ward flanges 22, 24 at their openings. The upper and 
lower metal members 18, 20 are fluid-tightly super- 
posed on each other at their outward flanges 22, 24, so 
as to constitute a hollow structure. The lower metal 
member 20 has an opening 26 formed through its bot- 
tom wall having a relatively small diameter, so that the 
hollow structure of the first mounting member 12 is open 
downwardly. The upper metal-member 18 has a mount- 
ing screw 28 secured to its bottom wall so as to extend 
in the upward direction. The engine mount 10 is fixed 
with the mounting screw 28 to one of the power unit and 
body of the vehicle. 

A first movable member 30 is accommodated within 
the hollow structure of the first mounting member 12. 
The first movable member 30 consists of a rubber mem- 
ber 32, a metal disk 34, an inner metal ring 36 and an 
outer metal ring 38. The rubber member 32 a circular 
disk having a suitable thickness. The metal disk 34 is 
bonded to a central portion of the rubber member 32 in 
the process of vulcanization of a rubber material to form 
the rubber member 32. The inner metal ring 36 is 
embedded in the rubber member 32 such that the inner 
metal ring 36 is located radially outwardly of the central 
metal disk 34. The metal disk 34 and the inner metal 
ring 36 prevent undesirable deformation of the rubber 
member 32 and establish a suitable degree of rigidity of 
the first movable member 30. The outer metal ring 38 is 
bonded by vulcanization to the circumferential surface 
of the rubber member 32, and is press-fitted in the open 
end portion of the lower metal member 20, which end 
portion has a larger diameter of the bottom wall having 
the opening 26. Thus, the first movable member 30 is 
secured to the lower metal member 20 such that the first 
movable member 30 fluid-tightly closes the large-diam- 
eter opening of the lower metal member 20. so that the 
first movable member fluid-tightly divides the space 
within the hollow structure of the first mounting member 
12 into an upper and a lower section. 

The second mounting member 14 includes a cylin- 
drical member 40 and a circular disk-shaped bottom 
member 42, which are both made of metallic materials. 
These members 40, 42 are superposed on each other 
in the axial or vertical direction and bolted together, so 
as to constitute a generally disk-like structure having a 
relatively large thickness or axial dimension, this gener- 
ally disk-like structure has a recess 44 formed in a cen- 
tral area of its upper surface, such that the recess 44 is 
open upwardly, the bottom member 42 has a mounting 



screw 45 secured to its bottom wall so as to extend in 
the downward direction, so that the engine mount 10 is 
fixed with the mounting screw 45 to the other of the vehi- 
cle power unit and body 

s The second mounting member 14 is disposed 

below the first mounting member 12 such that the sec- 
ond mounting member 14 is opposed to and spaced 
apart from the first mounting member 12 in the axial 
direction, with a predetermined axial or vertical spacing 

io distance. The elastic body 16 is interposed between the 
two mounting members 12, 14 for elastic connection 
therebetween. 

The elastic body 16 has a hollow frusto-conical 
shape having a relatively large wall thickness. The lower 

75 metal member 20 of the first mounting member 12 and 
a connecting ring 46 are bonded to the small-diameter 
and large-diameter open ends of the elastic body 16, 
respectively, in the process of vulcanization of a rubber 
material to form the elastic body 16. The connecting 

20 ring 46 is superposed on the upper surface of the cylin- 
drical member 40 of the second mounting member 14, 
and bolted to the cylindrical member 14, whereby the 
elastic body 16 is secured at its large-diameter end to 
the second mounting member 14. The elastic body 16 

25 has a restricting ring 48 almost entirely embedded in an 
axially intermediate portion thereof. This restricting ring 
48 is provided to prevent buckling of the elastic body 16, 
thereby stabilizing the elastic deformation of the elastic 
body 16. 

30 In the recess 44 formed in the second mounting 
member 14, there are disposed a second movable 
member in the form of a flexible diaphragm 50 and a 
partition member 52 such that the flexible diaphragm 50 
and the partition member 52 are superposed on each 

35 other at their peripheral portions, which are held by and 
between the cylindrical member 40 and the connecting 
ring 46, whereby the flexible diaphragm 50 and the par- 
tition member 52 are fixed to the second mounting 
member 14. 

40 The flexible diaphragm 50 is a thin circular layer 
which fluid-tightly closes the opening of the recess 44 
formed in the second mounting member 14. The parti- 
tion member 52 consists of an upper partition plate 54 
and a lower partition plate 56 both having a circular 

45 shape. These upper and lower partition plates 54, 56 
are partially superposed on each other in their axial 
direction. The partition member 52 is located above the 
flexible diaphragm 50, and fluid-tightly divides a space 
between the elastic body 16 and the second mounting 

so member 14, into an upper part and a lower part. The 
two partition plates 54, 46 cooperate to define an orifice 
58 extending in their circumferential direction over a 
suitable length. 

The partition member 52 cooperates with the elas- 

55 tic body 16 to define the above-indicated upper part of 
the space, which functions as part of a primary fluid 
chamber 60 filled with a non-compressible fluid such as 
water, alkylene glycol, polyakfylene glycol or silicone oil. 
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Upon application of a vibrational load between the first 
and second mounting members 12, 14, the elastic body 
16 is elastically deformed in an oscillating manner, 
thereby causing a periodic change of a pressure of the 
fluid within the primary fluid chamber 60. The non-com- 
pressible fluid filling the primary fluid chamber 60 is 
preferably a low-viscosity fluid whose viscosity is 
0.1 Pa • s or lower, so that the present engine mount 10 
exhibits an excellent vibration damping effect on the 
basis of the resonance of the fluid. 

The primary fluid chamber 60, which are partially 
defined by the elastic body 1 6 and the partition member 
52 as described above, includes the space within the 
lower metal member 20 of the first mounting member 
12. That is, the primary fluid chamber 60 is also partially 
defined by the lower metal member 20 having the open- 
ing 26, and the first movable member 30 movably fixed 
within the hollow structure of the first mounting member 
12. The first movable member 30 cooperates with the 
upper metal member 18 to define a first working air 
chamber 62, which is located on one of the opposite 
sides of the first movable member 30 which is remote 
from the primary fluid chamber 60. The upper metal 
member 18 is formed with a first nipple 64 which has an 
air passage communicating with the first working air 
chamber 62. 

On the other hand, the second movable member in 
the form of the flexible diaphragm 50 cooperates with 
the partition member 52 to define the above-indicated 
lower part of the space, which functions as an auxiliary 
fluid chamber 66 which is filled with the same non-com- 
pressible fluid as the fluid filling the primary fluid cham- 
ber 60. This auxiliary fluid chamber 66 communicates 
with the primary fluid chamber 60 through the orifice 58 
formed within the partition member 52. Periodic lluid 
pressure change in the primary fluid chamber 50 
caused by oscillatory elastic deformation of the elastic 
body 1 6 due to the input vibrational load causes the fluid 
to flow through the orifice 58 between the primary and 
auxiliary fluid chambers 60, 66, based on a pressure dif- 
ference of the fluid between the two chambers 60, 66. 

The flexible diaphragm 50 cooperates with the 
recess 44 of the second mounting member 14 to define 
a second working air chamber 68, which is located on 
one of the opposite sides of the flexible diaphragm 50 
which is remote from the auxiliary fluid chamber 66. The 
second mounting member 14 has an air passage 69 
formed therethrough in communication with the second 
working air chamber 66, and is provided with a second 
nipple 70 connected to the air passage 69. 

With the thus constructed engine mount 10 
installed in position on the motor vehicle, an air conduit 
72 is connected to the first nipple 64 of the first mount- 
ing member 12, while an air conduit 78 is connected to 
the second nipple 70 of the second mounting member 
1 4. The air conduit 72 is connected to a first switch valve 
74, which has a first position for connection of the air 
conduit 72 to the ambient atmosphere, and a second 



position for connection of the air conduit 72 to a vacuum 
tank 76 which communicates with a suitable vacuum 
source available on the motor vehicle. With the first 
switch valve 74 being switched alternately between the 

s first and second positions, the first working air chamber 
62 is exposed alternately to the atmosphere and a vac- 
uum or reduced pressure through the nipple 64, air con- 
duit 72 and first switch valve 74. 

The air conduit 78 is connected to a second switch 

10 valve 82, which has a first position for connection of the 
air conduit 78 to the ambient atmosphere, and a second 
position for connection of the air conduit 78 to a vacuum 
tank 80 which communicates with the vacuum source. 
With the second switch valve 82 being switched alter- 

is nately between the first and second positions, the sec- 
ond working air chamber 68 is exposed alternately to 
the atmosphere and a vacuum or reduced pressure 
through the nipple 70, air conduit 78 and second switch 
valve 80. While the two vacuum tanks 76, 82 are con- 

20 nected to the first and second switch valves 74, 80, 
respectively, a single vacuum tank may be connected to 
the two switch valves 74, 80. 

In the fluid-filled engine mount 10, the atmospheric 
pressure and the reduced air pressure are alternately 

25 applied to the first working air chamber 62 by switching 
operation of the first switch valve 74 at a suitable fre- 
quency, and to the second working air chamber 68 by 
switching operation of the second switch valve 80 at a 
suitable frequency. By operating the first and second 

30 switch valves 74, 80 alternately between their first and 
second positions at the suitable frequencies, the air 
pressures within the first and second working air cham- 
bers 62, 68 are periodically changed so as to oscillate 
the respective first and second movable members 30, 

35 50. 

When the reduced pressure is applied to the first 
working air chamber 62, the rubber member 32 of the 
first movable member 30 is elastically deformed or dis- 
placed toward the chamber 62 to an upper position as 

40 seen in Fig. 1, against an elastic force produced by the 
rubber member 32 due to the elastic deformation. When 
the reduced pressure is released from the first working 
air chamber 62, that is, when the atmospheric pressure 
is applied to the first working air chamber 62, the mova- 

45 ble member 30 is restored or returned to its original or 
lower position of Fig. 1 by its own elasticity, that is, by 
the elastic force generated upon application of the 
reduced pressure to the chamber 62. As shown in Fig. 
1, the movable member 30 and its rubber member 32 

so have a substantially flat shape when the movable mem- 
ber 30 is placed in its original position with the working 
air chamber 62 being exposed to the atmosphere. 
According to this arrangement, the first movable mem- 
ber 30 can be periodicaliy reciprocated or oscillated in 

55 the vertical direction by the switching operation of the 
first switch valve 74, so that the fluid pressure in the pri- 
mary fluid chamber 60 is periodically changed. 

The flexible diaphragm 50 functioning as the sec- 
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ond movabl member has a smaller thickness and is 
more easily deformable or displaceable than the rubber 
member 32 of the first movable member 30. However, 
the flexible diaphragm 50 produces an elastic force 
upon elastic deformation or displacement, which elastic 
force is sufficient for the flexible diaphragm 50 to be 
returned from a lower position to its original position of 
Fig. 1 when the atmospheric pressure is applied to the 
second working air chamber 68 after the application of 
the reduced pressure. Like the first movable member 
30, the second movable member 50 in the form of the 
flexible diaphragm 50 can be oscillated in the vertical 
direction by the switching operation of the second 
switch valve 80, so that the fluid pressure in the auxiliary 
fluid chamber 66 is periodically changed. 

The oscillation of the f lexible diaphragm 50 at a fre- 
quency corresponding to the frequency of the input 
vibration causes a periodic change in the auxiliary fluid 
chamber 66, inducing a relatively large difference 
between the fluid pressures within the primary and aux- 
iliary fluid chambers 60, 66, thereby assuring a suffi- 
cient amount of flow of the fluid through the orifice 58, 
so that the present engine mount 10 is capable of exhib- 
iting a high vibration damping effect based on the reso- 
nance of the fluid flowing through the orifice 58. 

Further, the fluid pressure difference between the 
primary and auxiliary fluid chamber 60, 66 can be fur- 
ther increased by positively inducing a periodic fluid 
pressure change in the primary fluid chamber 60 by 
oscillating the first movable member 30 at the frequency 
corresponding to the frequency of the input vibration, 
while at the same time oscillating the second movable 
member 50 so as to induce a periodic fluid pressure 
change in the auxiliary fluid chamber 66. As a result, the 
amount of the fluid flow through the orifice 58 can be fur- 
ther effectively increased, and the vibration damping 
effect based on the fluid flows through the orifice 58 can 
be further improved. For maximizing the amount of flow 
of the fluid through the orifice 58, it is desirable to con- 
trol the first and second switch valve 74, 80 such that 
the periodic changes of the fluid pressures within the 
primary and auxiliary fluid chambers 60, 66 have a 
phase difference of about 180 degrees. 

The length and cross sectional area of the orifice 58 
are determined so as to effectively damp the input vibra- 
tions within a desired frequency band, on the basis of 
the fluid flows through the orifice 58, depending upon 
the stiffness values of the rubber member 32 and the 
flexible diaphragm 50 which partially define the primary 
and auxiliary fluid chambers 60. 66. For instance, the 
orifice 58 is tuned to enable the engine mount 10 effec- 
tively isolate engine idling vibrations, on the basis of the 
fluid flows through the orifice 58. 

The damping effect based on the fluid flows through 
the orifice 58 is lowered with respect to the vibrations 
whose frequencies are outside the frequency band to 
which the orifice 58 is tuned. However, the engine 
mount 10 can exhibits a high damping effect with 



respect to those vibrations, by oscillating the first and 
second movable members 30, 50 with a suitable phase 
difference. Therefore, the present engine mount 10 is 
capable of exhibiting an excellent vibration damping 
5 effect over a wide range of frequency of the input vibra- 
tions. 

When the frequency of the input vibration is higher 
than the frequency band to which the orifice 58 is tuned, 
a resistance to flow of the fluid through the orifice 58 

10 tends to be increased, making it difficult for the engine 
mount 10 to exhibit a satisfactory damping effect based 
on the fluid flows through the orifice 58. with respect to 
the high-frequency vibration. In this case, the first mov- 
able member 30 is oscillated at a frequency corre- 

is spending to the frequency of the input vibration, so as to 
reduce or absorb a rise of the fluid pressure in the pri- 
mary fluid chamber 60, for preventing or minimizing an 
excessive increase in the dynamic spring constant of 
the engine mount 10, whereby the engine mount 10 can 

20 exhibit a high damping effect with respect to the high- 
frequency vibration. 

When the frequency of the input vibration is lower 
than the frequency band to which the orifice 58 is tuned, 
the first and second movable members 30, 50 are both 

25 oscillated in substantially the same phase, so as to 
induce the periodic fluid pressure changes in the pri- 
mary and auxiliary fluid chambers 60, 66, which are 
substantially in phase with the periodic fluid pressure 
change caused in the primary fluid chamber 60 due to 

30 the oscillatory elastic deformation of the elastic body 1 6 
by the low-frequency vibration. This manner of oscilla- 
tion of the two movable members 30, 50 permits the 
engine mount 10 to effectively damp the low-frequency 
vibration. 

35 The first and second switch valves 74, 80 may be 
controlled to oscillate the first and second movable 
members 30, 50, in a known adaptive control fashion 
such as a feedback fashion or according to a stored 
data map, on the basis of an output signal of a vibration 

40 sensor such as an acceleration sensor, so as to provide 
the desired vibration damping characteristics. The con- 
trol parameters may include at least one of the frequen- 
cies, phase difference and amplitudes of the oscillation 
of the two movable members 30, 50. 

45 The present engine mount 10 does not require an 
actuator such as electromagnetic drive means for oscil- 
lating the movable members 30, 50, and is accordingly 
simple and compact in construction with reduced weight 
and comparatively easy and economical to manufac- 

so ture. The simple construction results in improved oper- 
ating reliability and durability and comparatively easy 
maintenance or repair of the engine mount 10. 

In other words, the present engine mount 10 is sim- 
ple and compact in construction with reduced size and 

55 weight, but is capable of providing an excellent damping 
effect with various kinds of input vibrations, owing to the 
active control of the fluid pressures in the primary and 
auxiliary fluid chambers 60. 66. 
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Further, the fluid pressures in the primary and aux- 
iliary fluid chambers 60, 66 can be controlled by utilizing 
the reduced pressure, which is available on any motor 
vehicle having an internal combustion engine, that is, by 
utilizing the reduced pressure in the intake system of s 
the engine. Thus, the instant engine mount 10 does not 
require an exclusive energy source for oscillating the 
movable members 30, 50. 

In addition, the present engine mount 10 does not 
suffer from heat generation and extremely large electric 10 
power consumption due to energization of electromag- 
netic drive means, even when the movable members 
30, 50 are oscillated continuously for a long time. 

Where the engine mount 10 is used in an environ- 
ment in which compressed air is readily available, a is 
positive pressure may be used in place of the reduced 
pressure, for oscillating the movable members 30, 50. 
While the illustrated first embodiment of Fig. 1 is 
adapted to alternately apply the reduced and atmos- 
pheric pressures to the working air chambers 62, 68, 20 
the reduced or positive pressure may be periodically 
changed between two different reduced or positive val- 
ues. 

It is also noted that the elasticity of the rubber mem- 
ber 32 of the first movable member 30 contributes to 25 
stable returning of the movable member 30 to the origi- 
nal position upon releasing of the reduced pressure 
from the first working air chamber 62, so that the mova- 
ble member 30 maintains the initial characteristics for a 
long time, ft is desirable to interpose suitable biasing 3D 
means such as a coil spring between the rubber mem- 
ber 32 and the upper metal member 18, so that the bias- 
ing force of this biasing means acts on the movable 
member 30 in the direction opposite to the direction of 
elastic deformation or displacement of the movable 35 
member 30 by the reduced pressure applied thereto. 

Referring next to Figs. 2-4, there will be described a 
cylindrical engine mount 90 constructed according to a 
second embodiment of this invention. 

The engine mount 90 includes a first mounting 40 
member in the form of an inner sleeve 92, and a second 
mounting member in the form of an outer sleeve 94. 
These inner and outer sleeves 92, 94 are made of 
metallic materials, and are spaced apart from each 
other by a predetermined distance in the radial direc- 45 
tion. The two sleeves 92, 94 are elastically connected to 
each other by an elastic body 96 interposed therebe- 
tween. The inner and outer sleeves 92, 94 are fixed to 
one and the other of the power unit and body of a motor 
vehicle, so that the power unit is mounted on the vehicle so 
body in a vibration damping manner. Before installation 
of the engine mount 90 on the vehicle, the inner and 
outer sleeves 92, 94 are disposed eccentrically with 
respect to each other with a given radial offset distance. 
With the engine mount 90 installed on the vehicle, the ss 
elastic body 96 is elastically compressed with the 
weight of the power unit acting thereon, and the inner 
and outer sleeves 92, 94 are brought into a substantially 



concentric or coaxial relationship with each other. The 
engine mount 90 is positioned such that the direction of 
offset of the inner and outer sleeves 92, 94 prior to the 
installation of the vehicle coincides with the vertical 
direction, so that the engine mount 90 is capable of 
effectively damping the vibrations applied thereto in the 
vertical direction (as seen in Fig. 2) and a direction 
almost parallel to the vertical direction. 

Described in detail, the inner sleeve 92 is a cylindri- 
cal member having a relatively large wall thickness and 
a relatively small diameter. A metallic intermediate 
sleeve 98 is disposed radially outwardly of the inner 
sleeve 92 such that the intermediate sleeve 98 is radi- 
ally offset by a given amount with respect to the inner 
sleeve 92. This intermediate sleeve 98 is a cylindrical 
member having a relatively small wail thickness and a 
relatively large diameter. The intermediate sleeve 98 
has two stepped or shoulder portions 100 with a smaller 
diameter near the opposite axial ends, as shown in 
Figs. 3 and 4. The shoulder portions 100 are formed 
over the entire circumference of the intermediate sleeve 
98. The intermediate sleeve 98 has a window 102 in an 
upper one of two circumferential parts thereof which are 
diametrically opposed to each other in the direction of 
offset with respect to the inner sleeve 92. An axially 
intermediate portion of the intermediate sleeve 98 has a 
recessed portion 104 in the other or lower circumferen- 
tial part which is nearer to the axis of the inner sleeve 92 
in the offset direction, than the upper circumferential 
part having the window 1 02. The recess of the recessed 
portion 104 is open in the radially outward direction. 

The elastic body 96 is interposed between the inner 
sleeve 92 and the intermediate sleeve 98 such that the 
inner and intermediate sleeves 92, 98 are bonded at 
their respective outer and inner circumferential surfaces 
to the elastic body 96, in the process of vulcanization of 
a rubber material to form the elastic body 96. An axial 
void 106 is left between the inner and intermediate 
sleeves 92, 98, so as to extend over the entire axial 
length of the engine mount 90. this axial void 106 is 
located in a circumferential portion of the engine mount 
90 corresponding to the recessed portion 104 of the 
intermediate sleeve 98, and has a circumferential 
dimension almost equal to a half of the entire circumfer- 
ence of the intermediate sleeve 98. In the presence of 
the axial void 1 06, the elastic body 96 between the inner 
and intermediate sleeves 92, 98 is almost entirely dis- 
posed on only the upper side of the inner sleeve 92, 
namely, on only one of the vertically opposite sides of 
the inner sleeve 92 on which the radial offset distance to 
the intermediate sleeve 98 is larger than on the other 
side. This arrangement is effective to reduce a tensile 
stress acting on the elastic body 96 due to the weight of 
the power unit. A rubber buffer 108 is provided to cover 
a portion of the outer circumferential surface of the inner 
sleeve 92 on the side of the axial void 106. Upon appli- 
cation of an excessive vibrational load to the engine 
mount 90, the inner sleeve 92 may abut on the recessed 
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portion 104 of the intermediate sleeve 98 through the 
rubber buffer 1 08, so as to prevent an excessive amount 
of tensile deformation of the elastic body 96. 

The elastic body 96 has a pocket 110 aligned with 
the window 102 of the intermediate sleeve 98. That is, 
the pocket 110 is formed in a circumferential portion of 
the elastic body 96 at which the vertical offset distance 
between the inner and intermediate sleeves 92, 98 is 
the largest The pocket 1 10 is open in the outer circum- 
ferential surface of the intermediate sleeve 98 through 
the window 102. On the outer circumferential surface of 
the intermediate sleeve 98, a sealing rubber layer 112 
having a relatively small thickness is formed integrally 
with the elastic body 96, as shown in Figs. 3 and 4. 

The inner and intermediate sleeves 92, 98 and the 
elastic body 96 constitute an intermediate product, 
which is prepared by vulcanizing a rubber material to 
form the elastic body 96, within a mold in which the 
inner and intermediate sleeves 92, 96 are positioned 
relative to each other. On this intermediate product, 
there are fitted an orifice member 114 and a retainer 
member 116, on which is finally fitted the outer sleeve 
94 to produce the present engine mount 90. The orifice 
member 114 and the retainer member 116 are both 
substantially semi-cylindrical members, which cooper- 
ate to constitute a cylindrical structure fitted on an axi- 
ally intermediate portion of the outer circumferential 
surface of the intermediate sleeve 98. The outer sleeve 
94, which is a cylindrical member having a relatively 
large diameter, is then fitted on the intermediate sleeve 
98 so as to cover the outer circumferential surface of the 
cylindrical structure consisting of the orifice and retainer 
members 114, 116. 

The substantially semi -cylindrical orifice member 
1 14 has a relatively large wall thickness, and is fitted on 
an upper portion of the outer circumferential surface of 
the intermediate sleeve 98, at which the radial offset 
distance to the inner sleeve 92 is relatively large. The 
orifice member 114 is fitted on the intermediate sleeve 
98 such that the opposite axial end portions and the 
opposite circumferential end portions of the orifice 
member 1 14 are held in contact with the respective four 
portions of the intermediate sleeve 98 which define the 
rectangular window 102, so that the window 102 aligned 
with the pocket 1 10 of the elastic body 96 is fluid-tightly 
closed by the orifice member 114, whereby a primary 
fluid chamber 1 18 is defined by the inner sleeve 92, the 
elastic body 96 (pocket 110) and the orifice member 
114. The primary fluid chamber 1 18 is filled with a non- 
compressible fluid such as water, aklylene glycol, poly- 
alkylene glycol or silicone oil. The pressure of the fluid in 
the primary fluid chamber 118 is periodically changed 
due to oscillatory elastic deformation of the elastic body 
96 upon application of a vibrational load between the 
inner and outer sleeves 92, 94. 

The orifice member 114 has a through-hole 120 
formed therethrough in a circu referential ly and axially 
central portion thereof which partially defines the pri- 



mary fluid chamber 118. This through-hole 120 is fluid- 
tightly closed by a first movable member 122 such that 
the first movable member 122 is bonded at its periphery 
to the edge of the through-hole 120, and partially 

5 defines the primary fluid chamber 118. The first mova- 
ble member 122 consists of a circular metal disk 124, 
and an annular rubber member 126 which has a rela- 
tively large thickness and which is bonded to the outer 
circumferential surface of the metal disk 1 24 in the proc- 

70 ess of vulcanization of a rubber material for the rubber 
member 126. The rubber member 126 produces an 
elastic force for restoring the first movable member 122 
to its original position and shape after the rubber mem- 
ber 126 is elastically deformed as described below. The 

75 first movable member 122 cooperates with the outer 
sleeve 94 to define a fluid-tight first working air chamber 
128. The outer sleeve 94 has an inlet 130 formed there- 
through in communication with the first working air 
chamber 1 28. 

20 The first working air chamber 1 28 accommodates a 
coil spring 132 interposed between the outer sleeve 94 
and the metal disk 134 of the first movable member 122. 
The coil spring 132 biases the rubber member 126 in 
the radially inward direction of the outer sleeve 94, 

25 namely, so as to force the metal disk 1 24 toward the pri- 
mary fluid chamber 1 18. The biasing force of the coil 
sprint 132 is added to the elastic force of the rubber 
member 126 when the first movable member 122 is 
returned or restored to the original position and shape, 

30 so that the rubber member 1 26 can maintain its initial 
elasticity for a long time. 

When the engine mount 90 is installed on the vehi- 
cle, an air conduit 134 is connected to the inlet 130, 
which in turn is connected to a first switch valve 136 

35 which is adapted to connect the first working air cham- 
ber 128 selectively to the atmosphere and a vacuum 
tank 138 through the air conduit 134 and the inlet 130. 
The vacuum tank 138 is connected to a suitable vacuum 
source. Thus, like the first working air chamber 62 in the 

40 first embodiment of Fig. 1 , the first working air chamber 
128 can be alternately exposed to the atmospheric 
pressure and the reduced pressure in the vacuum tank 
138, by switching operation of the first switch valve 136, 
so that the air pressure in the first working air chamber 

45 128 can be periodically changed, so as to oscillate the 
first movable member 122 between the radially inner 
original position on the side of the primary fluid chamber 
118 and a radially outer position on the side of the first 
working air chamber 1 28. 

so On the other hand, the substantially semi-cylindri- 
cal retainer member 116 has a relatively small wall 
thickness, and is fitted on a lower portion of the outer 
circumferential surface of the intermediate sleeve 98, at 
which the radial offset distance to the inner sleeve 92 is 

55 relatively small. The retainer member 1 1 6 is fitted on the 
intermediate sleeve 98 such that the opposite axial end 
portions of the retainer member 116 are supported by 
the shoulder portion 100 of the intermediate sleeve 98, 
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so that the recessed portion 104 is closed by the 
retainer member 116. The retainer member 1 16 has a 
partition wall 140 fixed to a circurrrferentiaily intermedi- 
ate portion thereof so as to extend in the radially inward 
direction, through the recessed portion 104 of the inter- s 
mediate sleeve 98, as shown in Fig. 2. The free end of 
the partition wall 140 is held in close contact with the 
surface of the recessed portion 1 04, so that the partition 
wall 140 fluid-tightly divides the recess of the recessed 
portion 104 into two fluid tight sections on the opposite w 
sides thereof. These two sections of the recess are 
arranged in the circumferential direction of the interme- 
diate sleeve 98. To secure fluid tightness of those two 
sections of the recess, the end face of the partition wall 
140 in contact with the recess portion 104 is covered rs 
with a sealing rubber member 142. 

The retainer member 116 has a first opening 144 
and a second opening 146 formed in respective two cir- 
cumferential portions thereof on the circumferentially 
opposite sides of the partition wall 140. These first and 20 
second openings 144, 146 are fluid-tightly closed by a 
flexible diaphragm 148 and a second movable member 
150, respectively. 

The flexible diaphragm 148 has a relatively small 
thickness and is easily deformable or displaceable. The 25 
flexible diaphragm 1 48 is bonded by vulcanization to the 
edge of the first opening 144 and is accommodated in 
one of the above-indicated two sections of the recess of 
the recessed portion 104 on one of the opposite sides of 
the partition wall 140, such that the flexible diaphragm 30 
148 is curved radially inwardly of the outer sleeve 94, as 
shown in Fig. 2. The flexible diaphragm 148 cooperates 
with the intermediate sleeve 98 to define a fluid-tightly 
enclosed equilibrium fluid chamber 152 filled with the 
same non-compressible fluid as the fluid filling the pri- 35 
mary fluid chamber 118. The flexible diaphragm 148 
also cooperates with the outer sleeve 1 14 to define an 
atmospheric pressure chamber 151 which communi- 
cates with the atmosphere through an air vent 149 and 
which facilitates deformation or displacement of the flex- 40 
ible diaphragm 148. 

The second movable member 150 is a rubber mem- 
ber which has a larger thickness than the flexible dia- 
phragm 148 and which produces an elastic force for 
restoring the movable member 150 to its radially inner 45 
original position. The second movable member 150 is 
bonded by vulcanization to the edge of the second 
opening 146 of the retainer member 1 16, so as to fluid- 
tightly close the second opening 146. The second mov- 
able member 150 is accommodated in the other of the so 
above-indicated two sections of the recess of the 
recessed portion 104 on the other side of the partition 
wall 140. such that the second movable member 150 
cooperates with the above-indicated other section of the 
recess to define an auxiliary fluid chamber 154 filled ss 
with the same fluid as the fluid filling the primary fluid 
chamber 118. 

The second movable member 150 also cooperates 



with the outer sleeve 94 to def ine a second working air 
chamber 156, which is provided on the side of the mov- 
able member 150 remote from the auxiliary fluid cham- 
ber 154, The outer sleeve 94 has an inlet 150 
communicating with the second working air chamber 
156. When the engine mount 90 is installed on the vehi- 
cle, an air conduit 160 is connected to the inlet 158, 
which in turn is connected to a second switch valve 162 
which is adapted to connect the second working air 
chamber 156 selectively to the atmosphere and a vac- 
uum tank 164 through the air conduit 160 and the inlet 
158. The vacuum tank 164 is connected to the vacuum 
source. Thus, like the second working air chamber 68 in 
the first embodiment of Fig. 1, the second working air 
chamber 156 can be alternately exposed to the atmos- 
pheric pressure and the reduced pressure in the vac- 
uum tank 164, by switching operation of the first switch 
valve 136, so that the air pressure in the second work- 
ing air chamber 156 can be periodically changed, so as 
to oscillate the second movable member 150 between 
the radially inner original position on the side of the aux- 
iliary fluid chamber 154 and a radially outer position on 
the side of the second working air chamber 156. 

The orifice member 114 has a first groove 166 and 
a second groove 1 68 in the outer circumferential sur- 
face. These grooves 166, 168, which have suitable 
lengths, are closed by the outer sleeve 94 to define a 
communication passage 170 for fluid communication 
between the primary fluid chamber 1 1 8 and the equilib- 
rium fluid chamber 152, and an orifice 172 for fluid com- 
munication between the primary and auxiliary fluid 
chambers 118, 154. The communication passage 170 
and the orifice 172 are independent of each other, and 
permit the fluid to flow between the primary and equilib- 
rium fluid chambers 1 18, 152 and between the primary 
and auxiliary fluid chambers 118, 154, upon application 
of the vibrations to the engine mount 90, so that the 
vibrations can be damped based on the resonance of 
the fluid flowing through the passage 170 and orifice 
172. 

In the present second embodiment, the communi- 
cation passage 170 has a smaller ratio A/L than the ori- 
fice 172, where "A" represents the cross sectional area 
of fluid flow of the passage and orifice 170, 172, while 
"L" represents the length of the passage and orifice 1 70, 
172. In this arrangement, the engine mount 90 exhibits 
a damping effect with respect to a vibrational load hav- 
ing a relatively low frequency, based on the resonance 
of the fluid flow through the communication passage 
170, and a damping effect with respect to a vibrational 
load having a relatively high frequency, based on the 
resonance of the fluid flow through the orifice 170. In 
other words, the passage and orifice 170, 172 are tuned 
to relatively low and high frequencies of the input vibra- 
tions. While the passage 170 has a larger resistance to 
the flow flows therethrough, than the orifice 172, there 
arises a sufficiently large amount of flow of the fluid 
through the passage 170 upon application of the low- 
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frequency vibrations, since the spring stiffness of the 
second movable member 150 partially defining the aux- 
iliary fluid chamber 154 is made higher than that of the 
flexible diaphragm 148 partially defining the equilibrium 
fluid chamber 152. The amount of flow of the fluid 
through the passage 170 upon application of the low- 
frequency vibrations can be increased by applying a 
predetermined reduced pressure to the second working 
air chamber 156 so as to prevent the displacement of 
the second movable member 150 and the flow of the 
fluid through the orifice 172, for thereby improving the 
damping effect based on the fluid flows through the pas- 
sage 170. 

Like the engine mount 10 of the first embodiment, 
the present engine mount 90 constructed as described 
above is adapted such that the first and second mova- 
ble members 122, 150 are oscillated at frequencies cor- 
responding to the frequency of the input vibration, so as 
to induce a sufficiently large difference between the fluid 
pressures in the primary and auxiliary fluid chambers 
117, 154, for providing an improved vibration damping 
effects based on the fluid flows through the orifice 1 72. 

Further, the input vibrations whose frequencies are 
outside the frequency band to which the orifice 172 is 
tuned can be effectively damped by oscillating the first 
and second movable members 122, 150 to control the 
fluid pressures in the primary and auxiliary fluid cham- 
bers 118, 154, with a suitable difference of oscillation 
phases of the two movable members 1 22, 150. 

In addition, the low-frequency vibrations which are 
less likely to be effectively damped based on the fluid 
flows through the orifice 1 72 can be effectively damped 
based on the resonance of the fluid flows through the 
communication passage 170, so that the present 
engine mount 90 exhibits excellent damping effects over 
a wide range of frequency of the input vibrations. More- 
over, the oscillation of the first movable member 122 at 
a frequency corresponding to the frequency of the input 
vibration makes it possible to control the fluid pressure 
difference between the primary and equilibrium fluid 
chambers 118, 152, for increasing the amount of fiuid 
flows through the communication passage 170, to 
thereby further improve the damping effect based on the 
fluid flows through the passage 170. 

The engine mount 90 does not require an actuator 
such as electromagnetic drive means, and is accord- 
ingly simple and compact in construction with reduced 
weight and comparatively easy and economical to man- 
ufacture. Thus, the engine mount 90 has substantially 
the same advantage as the engine mount 10, as 
described above. 

In the engine mount 90, too, the reduced pressure 
used together with the atmospheric pressure for oscil- 
lating the movable members 122, 150 may be replaced 
by a positive pressure. Further, the reduced and atmos- 
pheric pressures may be replaced by two different val- 
ues of a positive or negative pressure. 

The coil spring 132 disposed in the first working air 



chamber 128 is not essential, and may be eliminated. In 
the absence of the coil spring 1 32. the movable member 
1 22 is returned to the original position by only the elastic 
force produced by the rubber member 126. 

s While the equilibrium chamber 1 52 and the commu- 

nication passage 170 are provided to provide the 
engine mount 90 with the desired damping characteris- 
tics in the second embodiment, the provision of these 
chamber and passage 152, 170 is not essential. 

to While the presently preferred embodiments of the 
invention have been described above in detail for illus- 
trative purpose only, it is to be understood that the 
invention is not limited to the details of the illustrated 
embodiment, but may be otherwise embodied. 

T5 In the illustrated embodiments, only one first work- 
ing air chamber is provided for controlling the fluid pres- 
sure in the primary fluid chamber through the first 
movable member. However, a plurality of first working 
air chambers may be provided for oscillating respective 

20 first movable members with periodic air pressure 
changes being induced in the air chambers as 
described. In this case, the required amount of air flow 
into and from each first working air chamber can be 
reduced, and the required amount of displacement of 

25 each first movable member can be accordingly reduced, 
while assuring a sufficient amount of fluid pressure 
change in the primary fluid chamber. The reduced 
required amount of displacement of each first movable 
member permits an improved control response of the 

30 fluid pressure in the primary fluid chamber and, an 
accordingly improved operating response of the engine 
mount. 

Similarly, a plurality of second working air cham- 
bers may be provided for oscillating respective second 

35 movable members to control the fluid pressures respec- 
tive auxiliary fluid chambers, depending upon the 
desired damping characteristics of the engine mount. 
The auxiliary fluid chambers communicate with the pri- 
mary fluid chamber through respective orifices, which 

40 are tuned to different frequency bands of the input vibra- 
tions. By suitably controlling the air pressures in the 
individual second working air chambers, the input vibra- 
tions in the different frequency bands can be effectively 
damped based on the fluid flows through the differently 

45 tuned orifices, respectively. Thus, the engine mount is 
enabled to damp the input vibrations over a wide fre- 
quency range. For instance, the air pressure in one of 
the second working air chambers is periodically 
changed at a frequency corresponding to the frequency 

so of the input vibration, so as to induce the fluid flows 
through the corresponding orifice between the corre- 
sponding auxiliary fluid chamber and the primary fluid 
chamber, while the air pressure in each of the other sec- 
ond working air chamber or chambers is held constant, 

55 so as to inhibit the fluid flows through the other orifice or 
orifices. Thus, the selected one of the orifices is enabled 
to operate to provide a damping effect with respect to 
the selected frequency band of the input vibrations. 
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Furth r, a plurality oi equilibrium fluid chambers 
may be provided in fluid communication with the pri- 
mary fluid chamber through respective communication 
passages, which are tuned to effectively damp differ nt 
frequency bands of the input vibrations, respectively. 5 

Although the fluid-filled vibration damping devices 
in the form of engine mounts for motor vehicles have 
been described above by way of example, only, it will be 
understood that the principle of this invention is equally 
applicable to other fluid-filled vibration damping devices 10 
for motor vehicles, such as body mounts, differential 
mounts and suspension bushings, and also to various 
dampers not used for the motor vehicles. 

It is to be understood that the present invention may 
be made with various other changes, modifications and is 
improvements, which may occur to those skilled in the 
art, without departing from the spirit and scope of the 
invention defining in the following claims: 

Claims 20 

1 . A fluid-filled vibration damping device {1 0 ; 90) com- 
prising: 

a first and a second mounting member (1 2, 1 4; ss 
92, 94) which are spaced apart from each 
other; 

an elastic body (16; 96) elasticaily connecting 
said first and second mounting members and 
partially defining a primary fluid chamber (60; 30 
118) filled with a non-compressible fluid, said 
elastic body being elasticaily deformed so as to 
cause a change in a pressure of said fluid in 
said primary fluid chamber, upon application of 
a vibrational load between said first and sec- 35 
end mounting members; 
a first movable member (30; 122) partially 
defining said primary fluid chamber and mova- 
ble relative to said first and second mounting 
members, said first movable member partially 40 
defining a first working air chamber (62; 128) 
on one of opposite sides thereof which is 
remote from said primary fluid chamber, said 
first movable member being oscillated by a 
periodic change of an air pressure in said first 45 
working air chamber; 

a second movable member (50; 150) partially 
defining, on one of opposite sides thereof, an 
auxiliary fluid chamber (77; 154) filled with said 
non-compressible fluid, and on the other of so 
said opposite sides, a second working air 
chamber (68; 156) independent of said first 
working air chamber, said second movable 
member being oscillated by a periodic change 
of an air pressure in said second working air ss 
chamber; and 

means for defining an orifice (58; 172) for fluid 
communication between said primary and aux- 



iliary fluid chambers. 

2. A fluid-filled vibration damping device according to 
claim 1, wherein each of at least one of said first 
and second movable members includes a rubber 
member (32, 50; 126, 150) which produces an elas- 
tic force for restoring said each movable member to 
an original position thereof during oscillation 
thereof. 

3. A fluid-filled vibration damping device according to 
claim 1 or 2, further comprising biasing means 
(132) for biasing each of at least one (122) of said 
first and second movable members in a predeter- 
mined direction. 

4. A fluid-filled vibration damping device according to 
any one of claims 1-3, further comprising: 

at least one flexible diaphragm (148) each of 
which partially defines an equilibrium fluid 
chamber (152) filled with said non-compressi- 
ble fluid, such that said each flexible diaphragm 
permits a change in a volume of said equilib- 
rium fluid chamber; and 
means for defining a communication passage 
(170) for fluid communication between said pri- 
mary fluid chamber and said equilibrium fluid 
chamber, 

5. A fluid-filled vibration damping device according to 
claim 4, wherein said communication passage for 
fluid communication between said primary and 
equilibrium fluid chambers and said orifice for fluid 
communication between said primary and auxiliary 
fluid chambers are tuned such that a frequency of 
the vibrational load which is effectively damped by 
flows of the fluid through said communication pas- 
sage is lower than that of the vibrational load which 
is effectively damped by flows of the fluid through 
said orifice. 

6. A fluid-filled vibration damping device according to 
any one of claims 1-5, wherein said first mounting 
member consists of an inner sleeve (92), while said 
second mounting member consists of an outer 
sleeve (94) disposed radially outwardly of said inner 
sleeve, said elastic body (96) being interposed 
between said inner and outer sleeves and having a 
pocket (1 10) which is open in an outer circumferen- 
tial surface thereof and closed by said outer sleeve 
so as to form said primary fluid chamber (118), said 
first movable member (122) being disposed within 
said pocket and cooperating with said outer sleeve 
to define said first working air chamber (128). 

7. A fluid-filled vibration damping device according to 
claim 6, further comprising an intermediate sleeve 



13 



25 



EP0 851 146 A1 



(98) which is fitted on an outer circumferential sur- 
face of said elastic bod/ and which has a window 
(102) formed therethrough, said pocket being open 
in an outer circumferential surface of said interme- 
diate sleeve through said window, said outer sleeve 5 
being fitted on said outer circumferential surface of 
said intermediate sleeve so as to close said window 
and cooperating with said pocket to define said pri- 
mary fluid chamber, said intermediate sleeve hav- 
ing a recessed portion (104) open in said outer 10 
circumferential surface thereof, said second mova- 
ble member cooperating said said outer sleeve to 
define said second working air chamber (156) on 
said one of said opposite sides thereof, and cooper- 
ating with said recessed portion to define said aux- 75 
iliary fluid chamber (154) on the other of said 
opposite sides. 

8. A fluid-filled vibration damping device according to 
any one of claims 1-7, further comprising a pres- so 
sure control device (74, 76, 80, 82; 136, 136, 162, 
164) connected to said first and second working air 
chambers, for changing the air pressures in said 
first and second working air chambers independ- 
ently of each other and in synchronization with a 25 
frequency of said vibrational load to be damped by 

the vibration damping device. 

9. A fluid-filled vibration damping device according to 
claim 8. wherein said pressure control device 30 
includes an air pressure source (76, 80; 138, 164) 
and two switch valves (74, 80; 136, 162) for con- 
necting said first and second working air chambers, 
respectively, selectively to said air pressure source 
and an atmosphere. 35 

10. A fluid-filled vibration damping device according to 
claim 9, wherein said air pressure source is a vac- 
uum pressure source. 

40 
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